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Barrier Removal Prioritization   
 Approaching barrier removal at a large spatial scale  
 Desire the highest possible return on investment 
 Optimization fits the bill! 
 Systematic 
 Can consider multiple constraints and objectives 
 The expected result? 
 Greater habitat gains 
 More efficient use of funding 
 
Before:  
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Upper West Branch of the Westfield River 
 140 km2 
 136 barriers 
 126 road-stream crossings 
 10 dams 
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Road-stream crossings 
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Chester,  MA 
 
 
What’s the Problem? 
 Goal:  
 Maximize the amount of  accessible, quality-weighted habitat 
for “resident” aquatic species. 
 
 Constraint:   
 Limited budget 
 
 Decision:   
 Which barriers do we remove? 
 
 
 
Problem Formulation  
 Calculate overall value of a network 
 determining the value of the connection from every stream 
segment to every other stream segment in the network. 
 Consider three factors: 
 Can they get there?  (Aquatic passability) 
 Is it nice?    (Habitat integrity/quality) 
 Are they likely to go that far? (Dispersal distance) 
 In this way we account for: 
 Spatial relationship of barriers 
 Interactive effects of barrier removals on the network 
 Biological limitations on movement 
Data Source:  CAPS Project 
(Conservation Assessment and Prioritization System) 
 Goal:  Guide conservation & restoration efforts 
 Ecosystem-based approach to assess ecological integrity 
 “Ability of an area to support biodiversity over the long term” 
 GIS-based tools for use in reconnecting habitat 
 
 Index of Ecological Integrity (IEI) 
 Weighted combination of many metrics 
 Metric categories:  
 Development and roads 
 Pollution 
 Biotic alterations 
 Hydrological alterations 
 Resiliency metrics McGarigal et al., 2008 
www.umasscaps.org 
 
Data Source: River and Stream Continuity 
Project 
Aquatic Passability 
 Weighted score based on multiple metrics 
 Assesses a “deviation from the ideal” stream condition 
 Scaled 0-1 
 1 = full passability 
 0 = no passability 
 Barriers with higher passability values are considered 
more similar to the original stream 
Stream Crossings Data 
 >23, 000 stream crossings in MA  
 1000 crossings surveyed 
 Most are modeled  
 
 Surveyed crossings 
 
Unsurveyed crossings 
 
Westfield River basin 
 
www.streamcontinuity.org 
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Barrier Passability in the Upper West Branch 
Low 
passability 
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passability 
 
Habitat Quality in the Upper West Branch 
0.00-0.20 
0.21-0.40 
0.41-0.60 
0.61-0.80 
0.81-1.00 
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Expected dispersal 
distance 
 
Project Budget 
$$ 
Barrier 
 Passability 
 Removal Cost 
 
Upstream Segment 
 Length 
 IEI 
 
Six Major Formulation Inputs  
 Consider 
 Length 
 Can they get there? 
 Is it nice? 
 Are they likely to go that 
far? 
 
 Project logistics 
 Individual project cost 
 Overall budget 
 
 
 
Expected dispersal 
distance 
 
Project Budget 
$$ 
Six Major Formulation Inputs  
 Consider 
 Length 
 Can they get there? 
 Is it nice? 
 Are they likely to go that 
far? 
 
 Project logistics 
 Individual project cost 
 Overall budget 
 
 
 
Project Costs 
 Barrier mitigation costs 
 Randomly generated for preliminary investigations 
 Range: $50,000 - $150,000 
 Average  $100,000 
 Dams are priced above the project budget 
 
 Budget 
 Varies from $1 million to $9 million 
 
Solution  
 Genetic Algorithm 
 Evaluate many solutions, keep the best solution found 
 Multiple scenarios can be solved in a few hours on a 
standard laptop 
Model formulation solved by 
genetic algorithm 
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Barriers Removed 
  Number of barriers 
removed increases 
linearly 
 Objective Function 
Value not linear with 
increasing budget, 
but close 
 No clear trend in IEI, 
upstream length, or 
passability 
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What’s the price? 
Average cost (all barriers) 
 
The formulation is 
selecting the least 
expensive barriers 
for removal. 
 
Why? 
Results 
 Barrier sets are not 
perfectly nested 
 Mainstem barriers are 
consistently removed 
 Barriers at the edges of the 
network are selected with 
less consistency 
 
 
Budget = $3 million 
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Why choose cheaper fixes first?  
 Three barriers to choose from: 
 
 
 
 Scenario 1:  Budget = $60,000.   
 Scenario 2:  Budget = $70,000 
 You would choose the two cheaper barriers, as long as 
they result in greater open habitat than the single, more 
expensive barrier. 
 The solutions are not nested. 
Barrier Cost Habitat opened 
1 $60,000 5 miles 
2 $40,000 4 miles 
3 $30,000 3 miles 
The Takeaway 
To make the best possible use of funding… 
 Accurate cost estimates matter! 
 The formulation seems to favor less expensive projects 
 Know your long-term project budget 
 Lack of nestedness implies need for proper prior planning 
 
 
 
Next Steps 
 Perform analysis with accurate barrier removal costs 
 Estimate using survey data from the River and Stream 
Continuity Project 
 Work around data gaps in the road stream crossing database 
 Recommend additional crossing survey parameters 
 
 
 
 Sensitivity analysis WRT different target species, with 
expected dispersal distance as a proxy 
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